The aim of the study was to examine allelopathic effect of water extracts prepared from fresh biomass of scentless mayweed [Tripleurospermum inodorum (L.) C.H. Schultz] on germination and initial growth of carrot. The experiments were conducted to evaluate: i) the effect of extracts from different plant parts (root, stem, leaf and aboveground biomass) in 1, 5 and 10% concentration in Petri dishes, and ii) the effect of extracts from aboveground biomass in aforementioned concentrations in pots with soil. In Petri dishes, reduction of germination compared to the control was not significant and ranged from 0.5 to 11.1%. Extracts had more pronounced effect on growth and fresh weight of carrot seedlings. Root length was inhibited in all treatments and varied greatly depending on concentration and plant part, while shoot length was both promoted and stimulated. Fresh weight of seedlings was reduced in all treatments and amounted up to 30.5%. Plant parts differed in their allelopathic potential, and root extract exhibited the highest inhibitory effect. In experiment with soil, extracts from fresh mayweed biomass reduced germination for up to 16.1%. Extracts had no significant effect on fresh weight of carrot seedlings, while length of root and shoot were both stimulated and inhibited.
Introduction
Allelopathy represents the influence on one organism on the other, whether it is harmful or beneficial, through production of allelochemicals (Rice, 1984) and plays an important role in agroecosystems leading to a wide array of interaction between weeds and crops (Singh et al., 2003) . Allelochemicals are present in all plant tissues, including leaves, stems, roots, rhizomes, flowers, seeds and pollen, and they can be released into the environment through volatilization, leaching, root exudation and decomposition of plant residues (Putnam and Tang, 1986) . Identification of allelopathic properties of certain weeds and their effect on crops leads to a better understanding of weed species and reduction of negative impact of allelochemicals on growth of crops. Furthermore, the ability to use this phenomenon for biological control is the most essential. Allelocompounds can be used for plant protection against pests, to increase the resistance of field crops to diseases and as preparations applied for weed control (Kwiecińska-Poppe et al., 2011) .
Scentless mayweed (Tripleurospermum inodorum (L.) C.H. Schultz) is a winter or summer annual or sometimes short lived perennial and a weed of cultivated crops (Peschken et al., 1989) . Allelopathic potential of scentless mayweed fresh and dry water extracts on cereals was reported by Kwiecińska-Poppe et al. (2011) and Ravlić et al. (2012.) .
The aim of the study was to determine allelopathic effect of T. inodorum fresh biomass water extracts on germination and initial growth of carrot both in Petri dishes and pots with soil.
Materials and methods
The experiments were conducted in the Laboratory of Phytopharmacy at the Faculty of Agriculture in Osijek.
Plants of scentless mayweed were collected at the phenological stage 6/65 (Hess et al., 1997) of the weeds from naturally infested fields and separated in laboratory into root, stem and leaf.
Water extracts from fresh plant parts (roots, stems, leaves, and aboveground mass) were prepared according to Norsworthy (2003) . Plant parts were cut into 1 cm pieces, crushed in distilled water at 1:10 ratio (100 g of plant material in 1000 ml of distilled water) and kept for 24 hours at room temperature. The mixtures were filtered through muslin cloth to remove debris and after that through filter paper. The obtained extracts from different plant parts were diluted with distilled water to give final concentrations of 1, 5 and 10% (10, 50 and 100 g of weed biomass per litre).
Carrot seeds used in experiments were surface-sterilized for 20 minutes with 1% NaOCl (4% NaOCl commercial bleach), then rinsed three times with distilled water (Siddiqui et al., 2009) .
Effect of extracts was determined in two experiments using Petri dishes with filter paper and pots with soil.
In the first experiment effect of four extracts (roots, stems, leaves, and aboveground mass (stem + leaves)) in all three concentrations was evaluated in Petri dishes. Twenty five seeds of carrot were placed in sterilized Petri dishes (90 mm) lined with filter paper. In each treatment 5 ml of extract was added, while distilled water was used as control. Petri dishes were kept at room temperature (22 °C ± 2 °C) for eight days, observed daily and additional extract/water was added to each as needed. Each treatment had four replications. Experiment was repeated twice.
In the second experiment effect of extract from aboveground mass in all three concentrations was evaluated in pots with soil. Thirty carrot seeds were sown in pots filled with commercial substrate and treated with 30 ml of extract (60 ml/100 g of soil) or water in control treatment. Thereafter, all treatments were equally watered. The pots were kept at laboratory bench and experiment lasted for 16 days. Each treatment had four replications. Experiment was repeated twice.
Germination percentage was calculated for each replication using the formula: G (Germination,%) = (Germinated seed/Total seed) x 100. At the end of each experiment, seedling root length (cm), shoot length (cm) and fresh weight (mg, g) were determined. The collected data were analysed statistically with ANOVA and differences between treatment means were compared using the LSD-test at probability level P<0.05.
Results and discussion
Extracts from fresh biomass of T. inodorum had no significant effect on germination of carrot seeds in experiment with Petri dishes (Figure 1.) . However, the highest germination was observed in the control treatment and was 75.4%, while extracts had slight inhibitory effect. The reduction of germination compared to the control ranged from 0.5 to 11.1%. Figure 1 . Effect of T. inodorum fresh biomass water extracts on germination of carrot seeds Reduction of root length was observed in all treatments with extracts from different plant parts and concentrations (Table 1. ). Root extract in all concentration had significant inhibitory effect on reduction of root length. Also, the lowest concentration of stem and the highest concentration of leaf extract substantially reduced root length for 29.3 and 30.5%, respectively. Shoot length of carrot, on the other hand, was both inhibited and stimulated. Root extract exhibited negative effect, while the highest concentration of stem and lower concentrations of leaf extract significantly stimulated shoot growth. Extracts from aboveground biomass had both stimulatory and inhibitory effects. All treatments had negative effect on fresh weight of carrot seedling and reduction percent ranged 5.9 to 30.5%. Root extract in all concentrations significantly reduced fresh weight as well as lower concentrations of stem extract.
Kwiecińska-Poppe et al. (2011) and Ravlić et al. (2012) reported inhibitory effect of fresh and dry aboveground mass of scentless mayweed on germination of cereals.
The results showed extracts had greater effect on seedling growth rather than on germination which is in agreement with findings of others (Konstantinović et al., 2014; Kalinova et al., 2012.) who concluded that effect of allelochemicals is more pronounced on the growth of seedlings.
Lower concentrations of extracts usually have stimulatory effect, and with the increase of concentration of the weed biomass in water allelopathic effect of extract increases (Putnam and Tang, 1986) . However, in our experiment concentration of extracts had various effects on carrot seedlings and lower concentrations of certain extracts had higher inhibitory effect than higher concentrations. Similar results were reported by Marinov-Serafimov (2010) who found that extracts from fresh biomass of some weeds in lower concentrations had higher inhibitory effect. Baličević et al. (2014) and Ravlić et al. (2014) also demonstrated that when extracts from fresh biomass of plants were used the effect of concentration varied greatly. Although leaves are the main parts for the production of allelopathic substances, while root possess minimal quantities (Sisodia and Siddiqui, 2010; Rice, 1984) , the results from the experiments showed that, regardless of the concentration, extracts from different plant parts had similar effect on carrot germination (Figure 2.) . Similarly, root extract had the highest inhibitory effect on root and shoot length and fresh weight, while leaf and aboveground mass had positive effect on carrot shoot length. The results differ from results of Ravlić et al. (2012) who showed that scent-less mayweed leaf extract has the highest inhibitory effect on germination and growth of wheat and barley. Higher inhibitory effect of leaf extracts has been observed by other researchers (Tanveer et al., 2010; Raoof and Siddiqui, 2012) .
Water extracts from T. inodorum applied to pots with soil generally had negative effect on germination and growth of carrot seedlings ( Table  2. ). The germination reduction ranged from 10.2 to 16.1% compared to the control. Root length reduced significantly with the lowest concentration, while the highest concentration had slightly stimulatory effect. Shoot length was reduced in all treatments compared to the control, but 5% concentration had highest effect and inhibited shoot length for 15.5%. Fresh weight was also reduced, but not significantly. The mechanism of inhibition on the seedling growth caused by allelochemicals can be result of reduced cell division and/or cell elongation (Iman et al., 2006) . When comparing results of application of extracts from aboveground mass of scentless mayweed in Petri dishes and pots with soil certain differences can be observed. Reduction of germination and root elongation with higher concentrations was greater in soil medium. On the other hand, 5% concentrations had in both experiments the highest inhibitory effect on shoot length. These differences could be due to higher amount of extract (30 ml) applied to the soil which resulted in higher inhibitory or stimulatory effect.
Conclusions
The results of the experiment showed that extracts from fresh biomass of scentless mayweed had certain allelopathic effect on carrot germination and seedling growth. Inhibitory and stimulatory effect in Petri dishes depended on concentration and plant part. Effect of extracts from fresh aboveground mass applied in Petri dishes and soil differed, indicating that amount of extract and medium have influence on extract impact. This emphasizes the need to evaluate extracts on both filter paper and in soil, in laboratory as well as in field conditions.
